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Previewsthe absence of smooth muscle was suffi-
cient to constrain the tissue and induced
the sequential folding observed in vivo.
Folding of the intestinal epithelium can
thus be described as a buckling insta-
bility. Importantly, the details of this pro-
cess can explain the different mucosal
morphologies observed across species.
The Xenopus intestine lacks the second
longitudinally oriented smooth muscle
layer, and the epithelium correspondingly
stops itsmorphogenesisat thezigzag fold-
ing pattern; no zigzag pattern of BMPs is
needed. In mice, the intestinal mucosa
forms villi directly from the flat epithelial
surface, a phenomenon that the computa-
tionalmodel of Shyer et al. (2013) suggests
is a result of the relatively fast pace of
smooth muscle differentiation in this spe-
cies (3 days, from E11.5 to E14.5). The in-
termediate and final geometries obtained
by the intestinal mucosa thus depend on
its rate of growth, its geometry, and the
mechanical properties (and their rate of
change compared to those of the epithe-
lium) of the surrounding smooth muscle.
In light of these results, our basic
understanding of epithelial-mesenchymal
crosstalk in the developing intestine556 Developmental Cell 26, September 30, 20should be reexamined. Past analyses
of the roles of SHH, PDGF, Wnts, and
BMPs were based on manipulations that
may have compromised the simultaneous
differentiation and/or alignment of smooth
muscle. Although Shyer et al. (2013) sug-
gest that the effects of smooth muscle
on the folding epithelium are purely
mechanical and that the epithelium folds
passively, it is possible that some of
the molecular signals secreted by the
mesenchyme induce a parallel active
folding by the epithelium in the form of
apical or basal actomyosin constrictions.
More controlled inducible genetic mani-
pulations, perhaps combined with com-
putational modeling of tissue mechanics,
should shed light on this process.
More broadly, communication between
an epithelium and its surrounding mesen-
chyme is critical for the morphogenesis of
most tissues. Epithelial morphogenesis
occurs at the same time as smooth mus-
cle differentiation during the development
of many organs, including the lung and
prostate. While the molecular signals
derived from the mesenchyme are well
appreciated, recent efforts have uncov-
ered some of the active forces in the13 ª2013 Elsevier Inc.epithelium that permit it to fold. It is thus
tempting to speculate a similar role
for smooth-muscle-induced buckling in
these organs as well, for ‘‘we have little
reason to doubt, and no just cause to
disbelieve, that the whole configuration.
is accurately determined by simple phys-
ical laws’’ (Thompson, 1917).
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Polycomb group (PcG) proteins regulate gene expression by modifying chemical and structural properties of
chromatin. Isono et al. (2013) now report inDevelopmental Cell a polymerization-dependentmechanism used
by PcG proteins to form higher-order chromatin structures, referred to as Polycomb bodies, and demon-
strate its necessity for gene silencing.Polycomb group (PcG) proteins are
required for the maintenance of cell-
type-specific gene expression and,
thereby, play a major role in the formation
of cell type diversity observed in animals
and plants. PcG-mediated gene regula-
tion requires the localization of multimericprotein complexes, such as the Polycomb
repressive complexes (PRC1 and PRC2),
to specific chromatin targets, where they
catalyze particular chemical modifica-
tions at nucleosomes such as trimethy-
lation of lysine residue 27 in histone 3
(H3K27me3) (Simon and Kingston,2013). These modifications in turn are
thought to block gene expression by
interfering with transcriptional elongation
or by causing compaction of the chro-
matin fiber (Simon and Kingston, 2013).
A detailed understanding of the PcG-
mediated link between chromatin
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Previewsstructure and gene repression is still
missing, however.
Early cell-based studies, using immu-
nofluorescence microscopy, identified
discrete subnuclear foci, termed PcG
bodies (for a recent review, see Pirrotta
and Li, 2012). These are characterized
by a high local PcG protein concentration
and can vary in size and number depend-
ing on the cell type. Different studies in
Drosophila demonstrated that formation
of PcG bodies can in part result from
long-range chromatin interactions be-
tween remotely located PcG binding
sites, leading to the spatial colocalization
of distant target genes (Bantignies et al.,
2003). However, recent studies identifying
chromosomal interactions at higher reso-
lution using chromosome conformation
capture-related methods could not fully
determine whether PcG body formation
was the cause or consequence of gene
repression (Bantignies et al., 2011; Lan-
zuolo et al., 2007). In other words, is the
clustering of PcG complexes required for
establishment and maintenance of gene
silencing? Or is it instead a passive as-
sembly resulting from local protein accu-
mulation that is not essential but does
allow for an increased efficiency in factor
usage? Finding the answer to these ques-
tions was hampered by a lack of informa-
tion regarding molecular composition and
mechanisms of body formation. Hence,
perturbation studies to assess direct
effects of PcG body formation on gene
expression had been difficult to compile.
Studying PcG-mediated gene regula-
tion from a different angle, researchers
using biochemical in vitro studies of
Polyhomeotic (Ph) have demonstrated
the ability of this PRC1 core component
to form homopolymers. Via head-to-tail
intermolecular interaction of its Sterile
Alpha Motif (SAM) domain, Ph proteins
form long, helical fibers (Kim et al., 2002;
Kim and Bowie, 2003). Reporting in this
issue of Developmental Cell, the work by
Isono et al. (2013) now links the polymer-
ization of the mouse Ph ortholog Phc2 to
the formation of particular PcG bodies,
identified by high PRC1 concentration
and thus termed PRC1 clusters.
To study PRC1 clusters in vivo, the
authors generated homozygous knockin
mice expressing recombinant and
fully functional PRC1 core components
Mel18-EGFP and Ring1B-YFP from their
corresponding endogenous loci. Photo-bleaching experiments confirmed a rapid
exchange of these factors between the
nuclear pool and the stably positioned
PRC1 clusters, similar to previously
observed dynamics of PcG binding in
Drosophila (Ficz et al., 2005). Motivated
by previous observations (Eskeland
et al., 2010), the authors focused on
the 280 kb long Hoxb complex to inves-
tigate effects of PRC1 cluster forma-
tion on gene silencing. The analysis of
the three-dimensional nuclear configura-
tion revealed that Hoxb genes were
condensed into a single PRC1 cluster.
Similarly, it was observed that Hoxb
genes colocalize within PRC1 clus-
ters during mouse development when
repressed but separate upon differential
activation of a subset of genes, consistent
with observations made in flies (Lanzuolo
et al., 2007). When expressing Phc2 car-
rying a point mutation in the SAM domain,
which prevents polymerization in vitro, the
authors find that the basic assembly of the
PRC1 complex is not impaired. They
observe, however, a substantial reduction
of PRC1 cluster formation in the nucleus,
probably caused by the dominant-nega-
tive chain termination of growing endoge-
nous Phc polymers. Phc2-SAM mutant
mice exhibit skeletal developmental dis-
orders, consistent with the deregulation
of PcG target genes. Binding analysis of
different PRC1 and PRC2 core compo-
nents further revealed decreased binding
levels at chromatin in Phc2-SAMmutants,
indicating that Phc2-SAM polymerization
might be necessary to enable stable
binding of PRC1 and of PRC2. Indeed,
the observed molecular and phenotypic
consequences of perturbing SAM poly-
merization are persuasive. Nevertheless,
given the composite gene network
controlled by PcG, the local perturbation
of its components will always results in
a complex cascade of consequences in
which it is often difficult to discriminate
between primary and secondary re-
sponses. Hence, a direct functional
connection between a structural aberra-
tion and a microscopically visible pertur-
bation has to be built with caution.
Byconsidering theputativemultivalency
property of polymerizedPRC1complexes,
the authors cautiously speculate about
the role of Phc2 polymerization in medi-
ating local nucleosomal compaction. It
is conceivable that the different PRC1
subunits of the polymer engage in interac-Developmental Cell 26, Setions with multiple nucleosomes simulta-
neously and, thereby, determine higher-
order, condensed chromatin structures,
as has been proposed for a PcG silencing
mechanism (Simon and Kingston, 2013).
However, a detailed mechanistic under-
standing of PcG-mediated chromatin
interactions will require the structural
resolution of in vivo PcG polymers at
chromatin, taking into account the
nucleosomal template. The requirement
of Phc2 polymerization for PRC1 cluster
formation raises additional questions.
Because size and number of these nuclear
bodies can vary, it will be of interest
to investigate mechanisms controlling
the degree of polymerization and the
topology of polymers. So far, Phc2 mono-
mers were shown to form linear fibers
in vitro. Consequently, another question
is whether this linear fiber formation also
occurs in vivo or whether there are addi-
tional mechanisms to allow for branching
of the polymer chain and, hence, for the
formationof amesh-like topology.Further-
more, why would Phc2s not polymerize
when dissolved in the nucleoplasm, but
only at chromatin? An interesting observa-
tion in this respect is the apparent RNA-
binding capability of certain SAMdomains
(Kim and Bowie, 2003). Could this provide
an additional interface between PcG pro-
teins and noncoding RNAs?
Because the individual proteins within a
PRC1 cluster undergo rapid exchange
with the nuclear pool, it was suggested
that dynamic binding might be required
to make gene repression reversible. How
much the polymerization domain acceler-
ates or restrains this process will be inter-
esting to assess. These findings might
also have implications on our current
understanding of PcG complex recruit-
ment to chromatin. It is possible that only
a subset of PRC1 components is actively
recruited to chromatin, for instance by
transcription factors or noncoding RNAs,
where they serve as a seed to initiate
polymerization that results in the subse-
quent binding of additional PRC1 entities
(as suggested by Kim et al., 2002). This
polymerization-dependent recruitment
might be further enhanced by cooperative
binding of incoming PRC1 entities to
specific histone modifications, such as
H3K27me3, present at growing PRC1
clusters. This binding may thereby bridge
distant PcG target sites, leading to accu-
mulation into distinct nuclear bodies.ptember 30, 2013 ª2013 Elsevier Inc. 557
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might be part of the maintenance process
as well. A polymer as an auto-associating
structure might possess an efficient and
self-templating activity for reestablishing
PcG silencing complexes at target genes
after the chromatin-disruptive passage of
DNA polymerase or the condensation of
chromosomes in preparation of mitotic
division.
In conclusion, the findings by Isono
et al. (2013) have uncovered an interesting
new feature of a PcG core component,
potentially linking processes of gene
silencing, local nucleosomal condensa-558 Developmental Cell 26, September 30, 20tion, and higher-order chromatin interac-
tions leading to PcG body formation.
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Histone H1 variants play key roles in the regulation of higher-order chromatin structure and have been impli-
cated in numerous developmental processes. In this issue ofDevelopmental Cell, Pe´rez-Montero et al. (2013)
present evidence that the Drosophila histone H1 variant dBigH1 prevents premature activation of the zygotic
genome during early embryogenesis.The basic unit of chromatin structure, the
nucleosome, can be packaged into
30 nm fibers and increasingly compact
higher-order structures by the linker his-
tone H1. The role of histone H1 in chro-
matin compaction has been extensively
studied in vitro, and recent studies have
revealed important roles for this linker
histone in the maintenance of higher-or-
der chromatin structure, genomic stabil-
ity, and heterochromatin silencing in vivo
(Happel and Doenecke, 2009; Siriaco
et al., 2009; Lu et al., 2009, 2013). Ge-
netic studies of histone H1 have been
complicated by the presence of multiple
histone H1 variants in the vast majority
of higher eukaryotes (Happel and Doe-
necke, 2009; Godde and Ura, 2009). As
a result, the roles of histone H1 variants
in development remain relatively myste-
rious. In this issue of Developmental
Cell, Pe´rez-Montero et al. (2013) present
evidence that in Drosophila, an embry-
onic variant of histone H1, BigH1, playsan important role in the maternal-to-
zygotic transition.
All histone H1 variants contain a
conserved globular segment with a
winged helix domain that binds the nucle-
osome near the site of DNA entry and exit
(Khochbin, 2001). The regions flanking
this segment interact with core histones
and linker DNA to promote the formation
and packaging of chromatin fibers.
Some histone H1 variants are present in
all somatic cells, while others are
restricted to specific tissues or stages of
development. Based on their patterns
of expression, histone H1 variants have
been implicated in a broad range
of developmental processes, including
oogenesis, spermatogenesis, and the
regulation of cellular pluripotency and
differentiation (Godde and Ura, 2009;
Meshorer and Misteli, 2006; Zhang et al.,
2012). The developmental functions of
specific histone H1 variants have been
difficult to assess, however, becauseindividual variants are often functionally
redundant and are not essential for
viability or development (Godde and Ura,
2008).
In the large majority of higher eukary-
otes, linker histone composition changes
dramatically during embryonic develop-
ment. The existence of a single embryo-
specific H1 variant in mice and Xenopus
suggests that it serves a specialized
purpose during embryogenesis. Indeed,
recent studies have shed some light
on the variant’s function during early
embryogenesis (Godde and Ura, 2009).
In both organisms, the maternally ex-
pressed H1 variant is replaced with
somatic H1 during early embryogenesis,
concomitant with zygotic genome acti-
vation. In vitro experiments in Xenopus
revealed differential positioning of so-
matic H1 on oocyte and somatic genes,
promoting repression of oocyte genes
and expression of somatic genes (Godde
and Ura, 2009). In mice, somatic H1 is
